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Altered expression of neurotrophic factors as well as neuroinflammation is commonly associated with 
Major depressive disorder (MDD) and Alzheimer's disease (AD). To investigate whether or not reserpine- 
induced MDD affects the expression of AD-related proteins, the expression of y-secretase components 
and substrate were measured in brains of ICR mice following reserpine treatment for 15 days. In active 
avoidance test, total response time and peak slightly increased in the 2 mg/kg reserpine (ltSP2)-treated 
group compared to vehicle-treated group (P<0.05). Expression and phosphorylation of MKP-1, which is a 
key factor in MDD pathology, were both higher in the RSP2-treated group than the vehicle- and 1 mg/kg 
reserpine (RSPI)-treated groups (P<0.02). Furthermore, full-length expression of amyloid precursor 
protein (APP) was enhanced in the RSP1 and RSP2-treated groups compared to the vehicle-treated group, 
whereas expression of y-secretase components decreased (P<0.03). Among the three components of the 
y-secretase complex, nicastrin protein underwent the largest decrease in expression, as detected by 
Western blotting (P<0.03). Therefore, the data presented here provide additional evidence about the 
pathological correlation between MDD and AD. 
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Major depressive disorder (MDD) is a severe psychiatric 
disorder tiiat exhibits a large range of serious deficits on 
recollection memory, list learning, recall, verbal and 
visual memory, executive fiinction, attention, and verbal 
fluency [1-3]. The etiology of MDD is related to altered 
regulation of monoamines, corticotropin-releasing 
hormone (CRH), and brain-derived neurotrophic factor 
(BDNF) expression [4-6]. 

Interestingly, several of the proposed mechanisms for 
MDD are similar to those for neurodegenerative disorders 
such as Alzheimer's disease (AD). Overdrive within the 
hypothalamic-pituitary-adrenal (HPA) axis as well as 
reduction of serotonin levels may contribute to the 
development of cognitive impairment in both MDD and 
AD [1]. Further, altered levels of neurotrophic factors 
play major roles in the development of MDD, i.e. impairment 



of BDNF signaling stimulates the amyloidogenic pathway, 
leading to activation of apoptosis in hippocampal 
neurons [7]. Furthermore, MDD and AD appear to share 
a common neuroinflammatory response. Increased levels 
of pro-inflammatory cytokines such as IL-ip, IL-6, IL- 
12, and TNF-a have been observed in patients suffering 
from MDD and AD [8,9]. Regarding anti-inflammatory 
cytokines, reduced levels of IL-4 and IL-10 have been 
found in MDD patients and an animal model of AD, 
although results have shown an elevated anti-inflammatory 
response [10-12]. However, there has been no conclusive 
evidence as to whether or not the pathological and 
biochemical changes in MDD alter the expression of y- 
secretase components, causing AD. 

Therefore, the aim of this study was to investigate the 
effect of MDD induced by reserpine on amyloid 
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precursor protein (APP) and the y-secretase components 
expression. To achieve this, the expression of these 
proteins were detected in the brain of ICR mice treated 
reserpine for 15 days. The present study using MDD 
animal model demonstrates that the pathological and 
biochemical alterations in reserpine-induced MDD 
stimulate inhibition of APP cleavage by downregulating 
the expression of y-secretase components. 

Materials and Methods 

Care and use of animals 

The animal protocol used in this study was reviewed 
and approved based on the ethical procedures of the 
Pusan National University-Institutional Animal Care and 
Use Committee (PNU-IACUC; Approval Number PNU- 
2011-000220). Adult ICR mice were purchased from 
SamTacho (Osan, Korea) and handled at the Pusan 
National University Laboratory Animal Resources 
Center according to National Institutes of Health 
guidelines. All mice were given a standard irradiated 
chow diet (Purina Mills, Seoungnam, Korea) ad libitum 
and were maintained in a specific pathogen-free state 
under a sfrict light cycle (light on at 06:00 h and off at 
18:00 h) at a temperature of 22±2°C and at 40-60% 
relative humidity. 

Experimental design 

Ten- week-old ICR mice (n=21) were assigned to one 
of three groups (n=7 per group): a vehicle-freated group, 
reserpine (1 mg/kg)(RSPl)-freated group, and reserpine 
(2mg/kg) (RSP2)-tteated group. The vehicle-freated 
group received a consistent volume of distilled water 
daily via infraperitoneal injection, whereas the treatment 
groups received 1 or 2 mg/icg of reserpine for 15 days via 
intraperitoneal injection. At 15 days after commencement 
of reserpine and vehicle freatment, all animals were 
immediately sacrificed using COj gas to acquire brain 
tissues, which were stored in Eppendorf tubes at -70''C 
until assayed. 

Western blot 

Proteins from brain tissues of vehicle- and reserpine- 
freated mice were separated by 4-20% sodium dodecyl 
sulfate-polyacrylamide gel elecfrophoresis (SDS-PAGE) 
for 2 h, after which the resolved proteins were fransferred 
to nifrocellulose membranes for 2 h at 40 V. Each 
membrane was incubated separately with primary antibody: 



anti-MKP-1 (SC-1199, Santa Cruz Biotechnology, Santa 
Cruz, CA, USA), anti-p-MKP-1 antibody (ab78898. 
Abeam, Cambridge, MA, UK), anti-human Pen-2 antibody 
(SC-32946, Santa Cruz Biotechnology, CA, USA), anti- 
PS-2 antibody (#21925, Cell Signaling Technology, 
Boston, MA, USA), anti-APP antibody (A8717, Sigma- 
Aldrich, St. Louis, MO, USA), anti-APH-1 antibody 
(A9603, Sigma-Aldrich, St. Louis, MO, USA), or anti- 
actin antibody (A5316, Sigma-Aldrich, St. Louis, MO, 
USA) overnight at 4''C. The membranes were then 
washed with washing buffer (137 mM NaCl, 2.7 mM 
KCl, lOmM NajHPO^, 2mM KHjPO^, and 0.05% 
Tween 20) and incubated with horseradish peroxidase- 
conjugated goat anti-rabbit IgG (Zymed Laboratories, 
Soutii San Francisco, CA, USA) diluted 1 : 1,000 at room 
temperature for 2 h. The membrane blots were developed 
using Chemiluminescence Reagent Plus kits (Pfizer, 
New York, NY, USA). 

Active avoidance test 

Active avoidance test was performed according to the 
method described by Banasr et al. [13] in a learned 
helplessness chamber composed of Active Avoidance 
Shuttle Box (UGO BASILE, CoUegeville, USA). After 
habituation for 5 min, mice received 30 randomized 
escapable footshocks at an intensity of 0.25 mA. In each 
shock trial, the gate separating the two halves of the 
shuttle box was opened 5 s before shock onset and 
remained open for the duration of the shock. The 
average intertrial interval was 30 s (range 20-100 s). The 
first five trials required one crossing to terminate 
footshock (FRl), whereas the remaining 15 frials 
required two crossings (FR2). Experimental results are 
indicated as total time and each peak for response. 

Statistical analysis 

One-way ANOVA (SPSS for Windows, Release 
10.10, Standard Version; SPSS, Chicago, H., USA) was 
used to determine significant differences between the 
reserpine- and vehicle-freated groups. All values are 
reported as the mean±SD. P value of <0.05 was 
considered significant. 

Results 

Induction of MDD by reserpine administration 

Before investigating the effect of MDD on the 
expression of y-secretase components, MDD in ICR 
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Figure 1 . Beliavioral changes in reserpine-induced IVIDD mice. ICR mice were administrated saline or reserpine (1 or 2 mg/kg) for 
15 days. Altered behavioral performance in ICR mice was measured using active avoidance test as described in Materials and 
Methods. (A) Total response time was calculated from 30 randomized escapable footshocks, each at an intensity of 0.25 mA. (B) 
Response peak indicates the time spent in one half of the shuttle boxes. Data represent the mean+SD from three replicates. 
*P<0.05 is the significance level compared to the vehicle-treated group. 



mice was induced by reserpine administration for 15 
days. To confirm reserpine-induced MDD in ICR mice, 
alteration of mice behavior was detected using an active 
avoidance test. Total response time was significantly 
longer in the RSP2-treated group compared to the 
vehicle-treated group, whereas the response of the 
RSPl-treated group was not affected (Figure lA). 
Further, long response peaks were often observed in the 
RSP2 -treated group compared to the vehicle- or RSPl- 
treated group (Figure IB). Therefore, reserpine 
administration for 15 days induced MDD-like behavior 
at a concentration of 2 mg/kg, as reported in a previous 
study. 

MKP-1 expression in brain cortex of reserpine- 
induced MDD mice 

MKP-1 has been identified as a key factor in the 
pathophysiology of MDD and has become a new 
therapeutic target [14]. To investigate whether or not 
reserpine treatment induces MDD in brains of ICR mice. 



the expression and phosphorylation levels of MKP-1 
were measured in the brain cortex of ICR mice 
following reserpine treatment using an MKP-1 -specific 
antibody. The highest level of MKP-1 expression was 
observed in the RSP2 -treated group, whereas the RSPl- 
and vehicle-treated groups maintained their levels of 
MKP-1 expression (Figure 2). In addition, a similar 
pattern of p-MKP-1 was observed Significant enhancement 
of MKP-1 phosphorylation was detected in the RSP2- 
treated group, whereas there was no change in the RSPl- 
treated group (Figure 2). These results indicate that 
RSP2 treatment successfiilly induced the biochemical 
phenotype of MDD in the brain cortex of ICR mice. 

Effect of reserpine-induced MDD on expression of y- 
secretase components 

To determine whether or not reserpine-induced MDD 
alters the expression of y-secretase components, the 
expression levels of y-secretase-related factors were 
measured in the brain cortex of reserpine-induced MDD 
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Figure 2. Expression of total and phosphorylated MKP-1 in brain cortex of reserpine-induced MDD mice. The cortex region was 
prepared from brain tissues of vehicle- and reserpine-treated mice. Fifty micrograms of protein per sample was immunoblotted with 
antibody for each protein. Expression levels of total and phosphorylated MKP-1 were detected using anti-IVIKP-l and p-IVIKP-l 
primary antibodies and horseradise peroxidase-conjugated goat anti-rabbit IgG (A). The intensity of each protein was calculated 
using an Imaging densitometer (B). Data represent the mean+SD from three replicates. *P<0.05 Is the significance level compared 
to the vehicle-treated group. 



mice. In the y-secretase substrate analysis, the expression 
of Ml-length APP increased in both reserpine-treated 
groups compared to control (Figure 3B). However, the 
expression of all three y-secretase components decreased 
in the RSPl- and RSP2-treated groups, although the 
decrease ratio varied. Especially, a dramatic decrease in 
nicastrin expression was detected regardless of the 
reserpine dose. The level of PS-2 expression slightly 
decreased in the RSPl - and RSP2-treated groups as Pen- 
2 expression (Figure 3B). These results suggest that 
reserpine-induced MDD may enhance the suppression of 
APP cleavage by inhibiting expression of y-secretase 
components. 

Discussion 

AD is the most common neurodegenerative disorder 
associated with dementia and affects approximately 7- 
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10% of humans over the age of 65 [4]. Mutations in the 
genes expressing APP, presenilin-1 (Ps-1), and preserulin- 
2 (Ps-2) have been identified as genetic factors of AD 
[15,16]. Such genetic factors induce AD by increasing 
the accumulation and aggregation of Ap peptides and 
neurofibrilary tangles (NFTs) [17,18]. Meanwhile, AD 
and MDD have several symptoms in common based on 
comparable pathophysiological features and genetic 
predisposition. In this study, we provide novel evidence 
supporting a connection between AD and MDD. 

Reserpine is an FDA-approved indole alkaloid 
antipsychotic and antihypertensive drug that is most 
often applied to the regulation of high blood pressure 
and the relief of psychotic symptoms [19]. Recently, the 
pharmacological efficacy of this drug was investigated in 
a transgenic C. elegans model of AD [20,21]. Reserpine 
treatment was found to extend the lifespan of the human 
Ap-expressing transgenic C. elegans model. Further, the 
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Figure 3. Expression of y-secretase components in brain tissues of reserpine-induced MDD mice. The cortex region was prepared 
from brain tissues of vehicle- and reserpine-treated mice. Fifty micrograms of protein per sample was immunoblotted with antibody 
for each protein. Expression levels of full-length APP and y-secretase components were detected using specific antibody and 
horseradish peroxidase-conjugated goat anti-rabbit IgG (A). The intensity of each protein was calculated using an imaging 
densitometer (B). Data represent the mean+SD from three replicates. *P<0.05 is the significance level compared to the vehicle- 
treated group. 



Ap-expressing transgenic model treated with resperine 
survived for a long time under thermal stress conditions 
with no alteration in total Ap concentration [19]. 
However, in this study, reserpine was used to induce 
MDD in ICR mice. As shown in Figure 3, reserpine- 
induced MDD induced a decrease in APP cleavage by 
inhibiting the expression of y-secretase components. 



Until now, there is no hard conclusive evidence as to 
if a y-secretase is directly related to MDD. But, some 
reports suggested the indirect proof for this correlation. 
A broad spectrum of antidepressants has been used for 
AD treatment. Especially, imipramine having ability of 
the tricyclic antidepressant or the selective serotonin 
reuptake inhibitor citalopram stimulated the enhanced 
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APP production by 3.2 or 3.4-fold, while only imipramine 
increased the protein kinaes C (PKC) level [22]. However, 
our study has been used MDD inducer, reserpine, to 
investigate the correlation between MDD and y-secretase 
function. Full length APP expression was significantly 
increased by reserpine treatment. 

Furthermore, two PS-1 varients (A431E and L235V) 
increased the incidence of clinical depression by the 
induction of monoamine oxidase-A (MAO-A) activity 
[23]. But, our study was focused on the level of PS-2 
expression in the brain of MDD animal model. Further 
study will be required to identify the effect of reserpine- 
induced MDD on MAO-A activity. 

Taken together, our results provide novel evidence of 
a correlation between MDD and AD. Moreover, these 
findings greatly contribute to the development of a 
therapeutic drug through the inhibition of y-secretase 
activity and identify the common factors regulating 
MDD and AD. 
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